Introduction
Acute myeloid leukemia (AML) is characterized by the infiltration of bone marrow and peripheral blood by proliferative, clonal, abnormally differentiated cells of the hematopoietic system (1) .
A number of biomarkers are currently used for the diagnosis, prognosis evaluation and treatment strategy of patients with AML, including karyotype, molecular classifications and mutation analysis (2) . Classically, specific recurrent chromosomal translocations, including inversion (16) [inv (16) ], translocation (8;21) [t(8;21)] and t(15;17) indicate a positive prognosis, while chromosomal deletions (dels) including del(5q), -5 and -7 are associated with more severe disease phenotypes. Gene mutations in fms-related tyrosine kinase 3 (FLT3), DNA methyltransferase 3α (DNMT3A), KIT proto-oncogene, receptor tyrosine kinase (KIT), runt-related transcription factor 1 (RUNX1), isocitrate dehydrogenase (NADP(+))1 cytosolic and isocitrate dehydrogenase (NADP(+))2 mitochondrial indicate a poor outcome, while mutations in nucleophosmin 1 (NPM1) and CCAAT enhancer binding protein a are associated with a favorable prognosis (3, 4) . With advances in molecular biology, the understanding of the molecular causes for AML is gradually increasing. Therefore, an increased number prognostic factors and therapeutic targets, including epigenetic markers, have become topics of investigation.
MicroRNAs (miRNAs/miRs) are a class of short non-coding RNA molecules ~22 nucleotides in length which regulate gene expression at the post-transcriptional level (5) . miRNAs bind to the 3'-untranslated region of specific target mRNAs, and may affect cell proliferation, differentiation, apoptosis and tumorigenesis (6) . In the hematopoietic system, the expression of miRNAs and the related processing proteins is important for the maintenance of hematopoietic stem cells (7) . Additionally, the dysregulation of miRNAs has been linked to the progression of hematopoietic malignancies, providing new avenues (8) . miR-500 was first reported as a cancer-associated miRNA in hepatocellular carcinoma (9) . Subsequent studies have suggested that miR-500 is involved in the development and progression of a number of solid tumors, including prostate (10) and gastric cancer (11) . Although several prognostic factors have been identified for AML, there are only limited indicators for assessing the likely outcomes for patients undergoing allogeneic hematopoietic stem cell transplantation (allo-HSCT). Thus, the aim of the present study was to investigate and analyze the clinical significance of miR-500 in patients with AML receiving allo-HSCT.
Patients and methods
Patients. The genomic and clinical data of 74 patients with AML were downloaded from The Cancer Genome Atlas database (TCGA; cancergenome.nih.gov). The diagnosis and classification of the patients were based on the World Health Organization and the French-America-British classification systems (12, 13) . The clinical data included age, sex and white blood cell (WBC) count. The mutation status of commonly mutated genes, as determined by next-generation sequencing, karyotypes and data regarding overall survival (OS) time were available.
All patients provided signed written informed consent in the original study (12) , which was approved by the Human Research Ethics Committee of Washington University.
Statistical analysis.
To explore the clinical relevance of the miR-500 expression level in patients with AML receiving allo-HSCT, the patients were divided into high and low miR-500 expression groups (miR-500 high and miR-500 low , respectively) based on the median expression value, which was determined to be 8.766 (range, 0.545-72.375). Continuous data are presented as medians with ranges. The Mann-Whitney U and chi-square tests were used to evaluate continuous and categorical variables, respectively. A Cox proportional hazards model was performed to assess the effect of miR-500 expression on OS time. Survival curves were plotted using the Kaplan-Meier method to analyze the relationship between the miR-500 expression level and OS. The log-rank test was used to evaluate the differences between survival distributions. OS was defined as the time from the date of diagnosis until the date of mortality from any cause. The statistical analyses in the study were performed with SPSS (version 20; IBM Corporation, Armonk, NY, USA) and GraphPad Prism (version 6; GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Demographic and biological characteristics associated with miR-500 expression level. Data regarding 74 patients with AML undergoing allo-HSCT, including 42 males and 32 females, were extracted from the TCGA database. The relevant biological and clinical characteristics of the patients are presented in Table I . There was no significant association between miR-500 expression level and age, sex, WBC count, bone marrow blasts, peripheral blood blast proportion or karyotype. There were significantly more M2 subtype patients in the miR-500 low group compared with the miR-500 high group (P=0.003), while all M5 subtype patients were in the miR-500 high group (P=0.040). The cytogenetic classification revealed that the miR-500 low group was enriched in patients with inv(16)/core-binding factor subunit b (CBFB)-myosin heavy chain 11 (MYH11) (P=0.021). The miR-500 low group was associated with a favorable molecular risk stratification, and all patients with a good molecular prognosis were in the miR-500 low group (P=0.003). Among the common gene mutations with prognostic significance in AML with a frequency of at least 5%, significant differences were observed in the frequency of NPM1 (P=0.009), NRAS/KRAS (P= 0.047) and PHD finger protein 6 (PHF6; P= 0.040) mutations between the two groups. NPM1 mutation appeared more frequently in the miR-500 low group, and the miR-500 high group was associated with NRAS/KRAS and PHF6 mutations. However, the relapse rate and the sources of hematopoietic stem cells were not significantly associated with miR-500 level.
Univariate and multivariate analysis for OS. In order to investigate the prognostic significance of demographic and biological characteristics, survival analysis was performed based on the expression status of miR-500 (high vs. low), age (<60 vs. ≥60 years), WBC count (<30x10 9 vs. >30x10 9 /l) and common gene mutations [FLT3, NPM1, DNMT3A, WT1 transcription factor, RUNX1, tumor protein (TP53), PHF6, lysine methyltransferase 2A (KMT2A) and NRAS/KRAS; mutated vs. wild type].
A Cox proportional hazards univariate analysis indicated that patients with high miR-500 expression had a shorter OS time compared with patients with low expression (P=0.035). Mutations in PHF6, KMT2A, RUNX1 and TP53 significantly affected the OS time compared with wild-type genes (all P<0.05; Table II ). Multivariate Cox regression analyses were subsequently performed to determine the association of miR-500 expression level and classical clinical and molecular prognostic factors in AML (Table III) . The results revealed miR-500 was independently associated with a poor prognosis, as determined by a decreased OS time (P=0.008), while classical biomarkers including mutations in the genes FLT3, NPM1 and DNMT3A had no independent association with OS time.
Survival curves for the two miR-500 expression groups. Survival curves plotted with the Kaplan-Meier method revealed that the high expression of miR-500 was associated with a shorter OS time (P=0.033; Fig. 1 ).
Discussion
The present study revealed that high expression of miR-500 may be associated with a shorter OS time in patients with AML undergoing allo-HSCT compared with low expression. When considered with other known prognostic factors assessed by the multivariate analysis, miR-500 had an independent prognostic value.
A previous study suggested that determining the mutation status of NPM1 following allo-HSCT may predict the likelihood of relapse (14) . While it was previously reported that FLT3 mutation status does not adversely impact OS time following allo-HSCT (15), another study revealed that FLT3 and DNMT3A R882 mutations were associated with poor prognosis in patients with AML receiving allo-HSCT treatment (16) . The results of the current study suggested that miR-500 had an adverse effect on OS time, while mutations in the genes FLT3, NPM1 and DNMT3A were not independently associated with OS time in patents with AML receiving allo-HSCT. Thus, the results indicated that while allo-HSCT is an effective treatment strategy that may overcome the adverse effect of classical mutations, miR-500 is a more effective indicator of prognosis in patients with AML receiving allo-HSCT compared with the aforementioned mutations.
The subgroup of patients with AML with inv(16)/CBBB-MYH11, one of the most common cytogenetic aberrations in AML, tend to have an improved prognosis compared with patients without this aberration (17) . This was also observed for patients with a low expression level of miR-500 in the present study. The lower expression of miR-500 was associated with a higher proportion of patients with inv (16) , which may be associated with an improved prognosis. As presented in Table I , all the patients with a favorable molecular risk were in the miR-500 low group in the current study, suggesting that miR-500 expression adversely affects the prognosis of patients with AML receiving allo-HSCT. Mutations in the tumor suppressor gene PHF6 may be encountered in patients with AML (18), therefore a PHF6 
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Hazard ratio (95% confidence interval) P-value mutation and high miR-500 expression may result in a poor prognosis. Although NPM1 mutation is a favorable factor in AML, patients with high expression of miR-500 and NPM1 mutation were associated with a poor prognosis in the present study. miR-500 is located on the X chromosome. A previous study has demonstrated that miR-500 may be involved in cell proliferation and apoptosis (10) . It may activate the nuclear factor (NF)-κb signaling pathway and suppress NF-κb negative regulatory genes. miR-500 may serve a role in tumorigenesis by sustaining NF-κb activation and disrupting ubiquitin deconjugation (11). Cai et al (10) demonstrated that miRNA-500 acts on the downstream target tissue factor pathway inhibitor, and may affect the outcome in human prostate cancer.
Due to the limited number of cases included in the present study, the results obtained have relatively low power. Further analysis with a larger cohort is warranted to validate the prognostic value of miR-500 in patients with AML receiving allo-HSCT. Furthermore, to the best of our knowledge, the miR-500 expression level in patients AML has not been previously investigated and the role of miR-500 in the development of hematological malignancies requires further experimentation in vitro and in vivo.
In conclusion, the results obtained in the current study indicated that miR-500 may be a potential prognostic biomarker for patients with AML undergoing allo-HSCT.
